Rho kinases (ROCKs) are the typical downstream effectors of RhoA, which can regulate corneal epithelial wound healing. In this study, the role of ROCK1 in lipopolysaccharide (LPS)-induced cornea inflammation was investigated.
Background
Bacterial keratitis is a common ocular infectious disease characterized by corneal epithelial defect and necrosis in the lower corneal matrix in defect areas [1] . The disorder is the major cause of blindness and visual morbidity worldwide [2, 3] . Bacterial invasions by Staphylococcus aureus, Pseudomonas aeruginosa, Streptococcus pneumonia, and Serratia species into corneas due to injuries and other pathological factors are the major factor contributing to the onset of keratitis [4] . Thus, antibacterial therapies are currently the most widely used treatment method against bacterial keratitis. Nevertheless, the effectiveness of antibacterial therapies is limited by the abusive use of antibiotics and geographic specificity of microbial profiles. To improved treatment outcomes for bacterial keratitis, the development of therapies based on strategies other than antibacterial treatments is urgently needed.
Previous studies have shown that well-conserved structural motifs secreted by multiple microbes can mediate innate immune responses and cell death processes [5] . Of different compounds, lipopolysaccharide (LPS), which is accumulated in gram-negative bacteria, has been proven to effectively induce inflammation in corneas of corneal injury models [6] . Moreover, the administration of LPS on keratocytes can modulate migration, proliferation, apoptosis, autophagy, and the wound healing process by interacting with toll-like receptor 4 (TLR4) on cell surfaces [7, 8] . Based on these results, scientists have proposed a possible strategy for handling bacterial keratitis by blocking the signaling transduction of TLR4.
TLR members play an important role in recognizing pathogenassociated molecular patterns and are crucial components of the innate immunity [9] . Earlier studies have shown that the interaction between TLRs and myeloid differentiation protein 88 (MyD88) further activates mitogen activated protein kinase p38, c-Jun N-terminal kinase (JNK), and nuclear factor (NF)-kB [9], which is essential to produce cytokines such as interleukin (IL)-6, IL-8, and tumor necrosis factor (TNF)-a [10] . Additionally, in the study by Chen et al., the authors indicated that TLR4 also induced the activation of RhoA and the synthesis of pro-inflammatory cytokines in human monocytes [11] .
RhoA is a typical member of low molecular weight G proteins of the Rho family and is involved in the regulation of actin cytoskeletons, cell aggregation, and cell motility in corneal epitheliums [12] [13] [14] . Rho kinases (ROCKs), activation, which enhances cell proliferation and promotes epithelial differentiation keratocytes [15] , are the best characterized downstream effectors of RhoA [15] . Currently, two isoforms of ROCKs have been identified: ROCK1 and ROCK2 (majorly expressed in neural system) [16] [17] [18] . The two molecules are the major mediators of RhoA-induced stress fiber and focal adhesion formation [17, 19] .
Regarding pathological process of corneas, ROCKs participate in the regulation of epithelial differentiation, cell cycle progression, endothelial barrier integrity, and corneal epithelial wound healing [15, [20] [21] [22] . Based on this information, we hypothesized that targeted regulation of the RhoA/ROCK pathway would promote inflammatory signal transduction mediated by TLR4 during bacterial keratitis.
To validate our hypothesis, the expression of ROCK1 in LPStreated human corneal epithelial cells was bilaterally modulated with expression vector and ROCK1 inhibitor. Then the effect of different treatments on the inflammation initiation, proliferation, and apoptosis in corneal epithelial cells was detected. For a preliminary explanation of role of ROCK1 in the onset of keratitis, the activities of TLR4-mediated NF-kB and ERK pathways were also assessed in the current study.
Material and Methods

Materials and agents
Pseudomonas aeruginosa LPS (cat. no. L9143) and MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide] (cat. no. M-2128) were purchased from Sigma (USA). RIPA lysis buffer (cat. no. P0013B) and protein concentration detection kit (cat. no. P0009) with BCA method were obtained from Beyotime Biotechnology (China). Plasma and nuclear protein extraction kit (cat. no. P0027) was purchased from Beyotime Biotechnology (China). ROCK inhibitor (Y-27632) (cat. no. HY-10071) was purchased from MedChem Express (USA). Lipofectamine2000 (cat. no. 1024993) was purchased from Invitrogen (USA). Cell apoptosis detection kit (cat. no. KGA106) were purchased from KeyGEN BioTECH (China). Cell cycle detection kit (cat. no. C1052) was purchased from Beyotime Biotechnology (China). Electrophoretic mobility shift assay (EMSA) kit (cat. no. BITF001) was purchased from Viagene (China). Detecting kits for IL-6 (cat. no. SEA079Hu), IL-8 (cat. no. SEA080Hu), IL-1b (cat. no. SEA563Hu), and TNF-a (cat. no. SEA133Hu) were purchased from USCN Business Co., Ltd. (China).
Antibodies
Antibodies against RhoA (cat. no. A00207), ROCK1 (cat. no. BM4203), and TLR4 (cat. no. BA1717) were purchased from Boster (China). Antibodies against NF-kB p65 (cat. no. D221030), Bax (cat. no. D120073), and Bcl-2 (cat. no. D160117) were purchased from Sangon Biotech (China). Antibodies against IkBa (cat. no. bs-1287R), p-IkBa (cat. no. bs-2513R), p38 (cat. no. bs-0637R), p-p38 (cat. no. bs-5476R), b-actin (cat. no. bsm-33139M), and histone H3 (cat. no. bs-17422R) were purchased from Bioss (China). Antibodies against ERK1/2 (cat. no. #4695), p-ERK1/2 (cat. no. #4370), JNK (cat. no. #9252), and p-JNK (cat. no. #4671) were purchased from CST (USA). Secondary goat anti-rabbit (cat. no. A0208) and goat anti-mouse (cat. no. A0216) IgG-HRP antibodies were purchased from Beyotime Biotechnology (China).
Cell culture
Human corneal epithelial cells (HCECs) (cat. no. 6510) were obtained from Shanghai Zhong Qiao Xin Zhou Biotechnology Co., Ltd. (China) and cultured in CEpiCM (cat. no. 6511, ScienCell, USA). For induction of inflammation, cells were cultured with LPS (10 μg/mL) for 24 hours. For validation of the function of ROCK1 in strengthening the inflammation in HCEC, the cells were subjected to 10 μM Y-27632 for two hours prior to LPS administration.
Plasmid construction
cDNAs encoding the catalytic domain of ROCK1 (amino acid, 1 to 477) were inserted into NheI and XhoI sites of pcDNA3.1 vector to form pcDNA3.1-ROCK1. Empty DNA3.1 vector was used as the negative control (NC). Transfection of pcDNA3.1-ROCK1 and NC plasmid was performed using Lipofectamine2000 according to the manufacturer's instructions before LPS administration.
Cell viability detection
MTT test was performed to detect the change of cell viability. Briefly, 4×10
3 cells/mL were seeded into each well of a 96-well plate and incubated at 37°C in an atmosphere consisting of 5% CO 2 and 95% air overnight. Cells were then transferred to medium containing 0.5 mg/mL MTT and incubated for four hours at 37°C. Afterwards, 150 μL DMSO was added to the medium to dissolve purple crystal. The OD values at 570 nm in different wells were recorded using a Mircoplate Reader (ELX-800, BIOTEK, USA).
Enzyme-linked immunosorbent assay
The production of IL-6 (cat. no. SEA079Hu, USCN Business Co., Ltd., China), IL-8 (cat. no. cat. no. SEA080Hu, USCN Business Co., Ltd., China), IL-1b (cat. no. SEA080Hu, USCN Business Co., Ltd., China), and TNF-a (cat. no. SEA133Hu, USCN Business Co., Ltd., China) in supernatant of HCECs in different groups was detected using corresponding ELISA kits according the manufacturer's instructions.
Flow cytometry detection
Cell cycle distribution was determined with a cell cycle detection kit using a FACS flow cytometer (Accuri C6, BD, USA). Apoptotic process in HCECs was determined using a cell apoptosis detection kit according to the manufacturer's instructions with a FACScan flow cytometer (Accuri C6, BD, USA). The total apoptotic rate was equal to the sum of the late apoptotic rate (UR, upper right quadrant-advanced stage apoptosis) and the early apoptotic rate (LR, lower right quadrant-prophase apoptosis).
Immunohistochemistry (IHC)
HCECs were incubated with 0.1% TritonX-100 for 20 minutes and then were fixed using 3% H 2 O 2 for 15 minutes. Primary antibodies against ROCK1 (1: 200) and RhoA (1: 200) were added into the medium and incubated at 4°C overnight. Secondary antibodies (1: 200) were added to the medium for 30-minute incubation at 37°C, followed by five cycles of PBS wash. Thereafter, HRP-labeled avidin was added into the medium and incubated for 30 minutes at room temperature. DAB was then added and incubated for three to 10 minutes before the reaction was stopped by ddH 2 O. The sections were re-stained with hematoxylin and dehydrated. The results were detected using a microscope (DP73, Olympus, Japan) at 200× magnification.
Western blotting assay
Total proteins were extracted using the RIPA lysis buffer. Nuclear NF-kB subunit p65 was extracted using a plasma and nuclear protein extraction kit. Concentration of protein sample was determined using the BCA method and western blotting was performed routinely. Primary antibodies against RhoA (1: 300), ROCK1 (1: 1,000), TLR4 (1: 300), NF-kB p65 (1: 500), IkBa (1: 500), p-IkBa (1: 500), ERK1/2 (1: 1,000), p-ERK1/2 (1: 2,000), JNK (1: 1,000), p-JNK (1: 1,000), p38 (1: 500), p-p38 (1: 500), Bax (1: 500), Bcl-2 (1: 500), b-actin (1: 500) or histone H3 (1: 500) was added and the membranes were incubated at 4°C overnight. Following washing with TTBS, the membranes were incubated with HRP-conjugated IgG secondary antibodies (1: 5,000) for 45 minutes at 37°C. After washing, the blots were developed using Beyo ECL Plus reagent and scanned in the Gel Imaging System (WD-9413B, Liuyi Factory, China). The relative expression levels of the target proteins were calculated with Gel-Pro-Analyzer (Media Cybernetics, USA).
Electrophoretic mobility shift assay (EMSA)
Nuclear protein was extracted using a plasma and nuclear protein extraction kit and supershift EMSA was performed using electrophoretic mobility shift assay kit according to the manufacturer's instructions: briefly, nuclear extraction (5 μL), 10× reaction solution (1.5 μL), and ddH 2 O (8 μL) were mixed and incubated at room temperature for 30 minutes. Biotin-labeled probe (0.5 μL) was then added into the mixture and incubated from another 20 minutes at room temperature. The EMSA reaction system was then subjected to electrophoresis at 180 V for 80 minutes. The membrane was transferred into 0.5× TBE for 10 minutes under 360 mA and fixed under UV light for 30 minutes. Afterwards, the membrane was sealed and reacted with streptavidin-HRP (1: 750) for 20 minutes at room temperature. The result was detected in the Gel Imaging System (WD-9413B, Liuyi Factory, China) and analyzed using Gel-ProAnalyzer (Media Cybernetics, USA).
Statistical analysis
One-way ANOVA and post hoc comparisons using Fisher's Least Significant Difference (LSD) method were conducted with different assays. All the statistical analyses were performed using GraphPad Prism version 6.0 (GraphPad Software, Inc., San Diego, CA, USA). Statistical significance was accepted when pvalue was less than 0.05 (two-tailed).
Results
Influence of ROCK1 on the inflammatory response induced by LPS in HCECs
HCECs were first transfected with NC or ROCK1 expression vectors and then incubated with 10 μg/mL LPS for 24 hours to induced inflammation. As shown in Figure 1 , the production of pro-inflammation cytokines, including IL-6, IL-8, IL-1b, and TNF-a was all enhanced by LPS compared with the control and NC groups (p<0.05), representing the successful induction of inflammation in HCECs. Overexpression of ROCK1 further increased the production of the four indicators, which inferred the pro-inflammation effect of ROCK1 during the bacterial keratitis (Figure 1 ). To further demonstrate the possible central role of ROCK1 in LPS-induced inflammation, HCECs was then incubated with ROCK1 specific inhibitor Y-27832 (10 μM) two hours prior to LPS administration. It was found that in the absence of the function of ROCK1, the production of the four cytokines were all suppressed, and the differences between inhibitor and LPS+NC or inhibitor and ROCK1 groups were statistically significant (p<0.05) (Figure 1 ).
Influence of ROCK1 on cell viability in LPS-treated HCECs
The effect of ROCK1 overexpression on cell viability was detected using MTT assay. LPS administration decreased the OD 570 value, representing the suppression of cell viability in HCECs (Figure 2A) . Overexpression of ROCK1 further suppressed the HCECs viability (Figure 2A) . To the contrary, suppression of ROCK1 function by Y-27832 relieved HCECs from the LPS-induced damages, and the difference between LPS+Y27832 and LPS+NC groups was statistically significant (p<0.05) (Figure 2A ).
Influence of ROCK1 on the cell apoptosis and cell cycle distribution in LPS-treated HCECs
Regarding the apoptotic process and cell cycle distribution of HCECs, LPS administration increased the apoptosis apoptotic rate and induced G1 cell cycle arrest in HCECs. ROCK1 overexpression strengthened the effect of LPS by further increasing the apoptotic rate and the proportion of cells in G1 phase ( Figure 2B, 2C) . Similar to the functioning pattern on production of cytokines and cell viability, pre-administration of Y-27832 inhibited the cell apoptosis increase and the cell cycle arrest induced by LPS.
Influence of ROCK1 on the LPS-induced production of RhoA
Immunohistochemistry (IHC) results showed that LPS induced the expression of ROCK1 and RhoA. Although ROCK1 was reported to be a downstream effector of RhoA, overexpression further increased the expression and distribution of RhoA ( Figure 3 ) while function inhibition of ROCK1 counteracted the effect of LPS on RhoA expression and distribution ( Figure 3 ). 
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Influence of ROCK1 on the LPS-induced activation of TRL4-mediated NF-kB and ERK signaling
The results of IHC were further verified by western blotting assay: overexpression of ROCK1 induced the expression of RhoA and inhibition of ROCK1 suppressed the expression of RhoA (Figure 4, Supplementary Table 1 ). Regarding the TLR4-mediated NF-kB and ERK signaling, overexpression of ROCK1 increased the activity (phosphorylation form) of ERK1/2, JNK, and p38 which was firstly induced by LPS Table 1 ). The activation of ERK signaling led to upregulation of pro-apoptosis factor, Bax, and downregulation of anti-apoptosis factor, Bcl-2 ( Figure 4) . Moreover, the activity of pro-inflammation NF-kB pathway was also further promoted by ROCK1 overexpression, represented by lower level of plasma IkBa (Figure 4 , Supplementary Table 1) Table 1) .
Discussion
Infectious corneal diseases are the major cause of blindness all over the world, of which bacterial keratitis is a common type. Well-conserved structural motifs secreted by gram-negative bacteria will induce innate immune responses leading to the activation of inflammation and eventually cause cell death [23] . Therefore, blockade of the interaction between those motifs and their receptors on corneal cells has been proposed as a potential therapeutic strategy to treat bacterial keratitis. In the current study, the effects of ROCK1 on the LPS-induced inflammation in HCECs were investigated. The results showed that the functions of ROCK1 were necessary for the LPS-induced activation of TLR4-mediated NF-kB and ERK signaling. The lack of ROCK1 function evidently inhibited the LPS-induced inflammatory responses, which was associated with the suppressed activities of TLR4-mediated NF-kB and ERK signaling.
Members of Rho family, including RhoA, Rac1, and Cdc4, have been reported to be involved in the regulation of numerous aspects of cytoskeletal rearrangements [11, 24] . Of the many downstream effectors of Rho, two isoforms of ROCKs, ROCK1 and ROCK2, were the first identified and have been proven to control cellular barrier function and to mediate actomyosin contractility in different cells [19] . The activation of ROCK1 has been reported to promote tumor cell invasion [25] ; the inhibition of ROCK1 by miR-340 has been reported to be associated with suppressed tumor growth and metastasis of osteosarcoma tumor [26] . Regarding the role of ROCK1 in the cornea, multiple studies suggest regulation on endothelial barrier integrity, cell-matrix interaction, cell-cell adhesion, and epithelial differentiation [12, 21, 22, 27, 28] . The inhibition of ROCK1 has also been shown to restore normal behavior of HCECs [29] . Moreover, results for our study provided more information on the effects of ROCK1 on HCECs. The administration of LPS induced inflammatory responses in HCECs, which imitated the conditions in cornea during the processing of bacterial keratitis [23] . The inflammatory responses were associated with the activation of TLR4-mediated NF-kB and ERK signaling [9] . The overexpression of ROCK1 in LPS-treated HCECs strengthened the inflammation by further inducing the activities of TLR4-mediated NF-kB and ERK signaling, indicating a promoting role of ROCK1 in the onset of bacterial keratitis. To explore whether the functions of ROCK1 in LPS-induced inflammation were prerequisite, the activity of ROCK1 was inhibited by specific inhibitor Y-27632. It was found that once the activity of ROCK1 was inhibited, the inflammatory responses were reduced and the activities of TLR4-mediated NF-kB and ERK signaling were suppressed. These results inferred that the functions of ROCK1 were necessary for the LPS-induced inflammation in corneal cells, which was closely related to the TLR4-mediated pro-inflammation pathway.
The interaction between RhoA and TLR4 signaling has been already verified. In the study by Chen et al., the authors indicated that RhoA was a signaling transducer for LPS-induced TLR4-mediated synthesis of pro-inflammation cytokines in monocytes [11] : the activation of TLR4 by LPS rapidly activated RhoA GTPase and increased transcription of IL-8 in human peripheral blood monocytes. However, in the current study, the modulation of the downstream effector of RhoA led to the expression changes of RhoA itself and TLR4-mediated factors. Such results were a supplement to the regulating sequence between RhoA and TLR4 in LPS-induced cornea inflammation; the effects of ROCK1 on the expression of RhoA and TLR4-mediated factors indicated that there existed a regulating loop between RhoA/ROCK and TLR4-mediated NF-kB and ERK signaling. The suppression of any factor in the loop would cause a break in the inflammatory response during bacterial keratitis and other infectious corneal diseases.
